Combinations of physical and chemical methods were evaluated for their ability to remove particle-associated microorganisms (PAM from saline-washed ruminal digesta solids (SWRDS). Physical methods included chilling and storage, homogenization, multiple extraction, and agitation with marbles. Chemical methods included use of low pH, Tween 80, formaldehyde, methanol, tertiary butanol, and methylcellulose. Microbial removal from SWRDS was determined directly by using epifluorescence microscopy and indirectly by measuring removal of diaminopimelic acid and total purines. Different combinations of methods resulted in removals of 46 t o 82% for particle-associated bacteria (PAB), 52 to 98% for particle-associated protozoa (PAP), and 60 t o 83% for PAB plus PAP. Two methods were considered most effective, based on microscopy; both removed similar amounts of PAB (79 to 82%) and PAB plus PAP (80 to 83%). In one method, SWRDS were stored for 24 h at 4°C in a solution of pH 2 saline, .l% Tween 80, 1.0% methanol, and 1.0% tertiary butanol. In the other method, SWRDS were incubated for 30 min in .l% methylcellulose before storage for 24 h at 4°C in pH 2 saline, . l % Tween 80, and 1.0% methanol. Common to both treatments was subsequent homogenization of the suspensions for 15 s followed by washing the digesta solids seven times with the treatment solutions. Both methods resulted in values that exceeded those reported previously for removal of PAM from ruminal digesta solids.
Introduction
Most ruminal microorganisms are associated with undigested feed particles (Forsberg and Lam, 1977; Olubobokun et al., 1988) . Particleassociated microorganisms differ in chemical composition from those recovered from ruminal fluids (Merry and McAllan, 1983; Olubobokun et al., 1988 ; Legay-three physical treatments (e.g., homogenization, pummellation, chilling, and repeated washing). In neither of the last two studies in which removals were highest were low pH, Tween 80, or other chemical treatments used as part of the removal procedure. Because several chemical treatments have been shown to increase microbial removal (Dehority and Grubb, 1980; Morris, 1988) we decided to investigate whether a combination of chemical and physical treatments might improve recovery efficiencies of PAB, PAP, and PAM from ruminal digesta solids.
Materials and Methods

Experiment 1
Experimental Design and Sampling. One ruminally cannulated, nonlactating Holstein cow was used. A diet of 63% corn silage and 37% haycrop silage (DM basis) was fed daily at 0500 and 1600 for ad libitum intake. Samples of ruminal digesta were taken 2 h after the a.m. feeding. Ruminal digesta were mixed thoroughly in situ, and random samples were taken from the reticulum and the dorsal and ventral sacs of the rumen to obtain 3.6 L. Collected whole rumen contents ( WRC) were squeezed through eight layers of cheesecloth. Digesta solids then were combined with an equal volume of 37°C saline (.85% wt/vol NaCl), mixed gently, and squeezed again through eight layers of cheesecloth t o remove residual fluid-associated microorganisms (Olubobokun and Craig, 1990) . A 1,400-g sample of the saline-washed ruminal digesta solids ( SWRDS) was collected and divided into seven 200-g portions. One portion was kept as an untreated control, and the other six were subjected to different treatments. The experiment was replicated five times over a 3-wk period.
Dissociation of Microorganisms. The treatments for microbial dissociation ( Figure 1 ) were as follows: 1) placement of SWRDS in 600 mL of 4°C saline containing .l% Tween 80, homogenization using a Waring blender (Waring Products Division, New Hartford, CT) for 15 s, and holding for 2 h at 4°C; 2 ) placement of SWRDS in 600 mL of 4°C saline, holding for 6 h at 4"C, squeezing through eight layers of cheesecloth, resuspension of the residue in 600 mL of 4°C anaerobic dilution solution containing .l% Tween 80, followed by homogenization for 15 s; 3 ) as in 1, then shaken with a mixture of 30 small and 15 large glass marbles in a 500-mL polypropylene bottle for 1 h at 108 oscillations/min at room temperature; 4 ) as in 1 except that 5% (wt/vol) formaldehyde was included in the detachment solution and the suspension was chilled for 24 h instead of 2 h before homogenization; 5) as in 1 except that the pH of the solution was 2.0 and the suspension was chilled for 24 h instead of 2 h before homogenization; and 6 ) as in 5 except that 1.0% methanol was included in the detachment solution. The pH of solutions in Treatments 5 and 6 was decreased to 2.0 by adding HCl before the addition of ruminal contents. Four of the six treatments for this experiment were the same as, or modifications of, reported procedures that yielded high removals of PAB. Treatments 1 and 3 were from Merry and McAllan (1983) but modified with shorter chilling times and use of marbles rather than a stomacher. Treatment 2 was from Leedle et al. (1987) modified by storing sample in isotonic saline rather than anaerobic dilution solution. Treatment 4 was as described by .
Following treatment, digesta solids were squeezed through eight layers of cheesecloth. Digesta residues then were resuspended in their respective treatment solutions, mixed, and squeezed through eight layers of cheesecloth; this process was repeated seven times. Half the digesta residue was dried to a constant weight in a 60°C convection oven (18 to 24 h ) , dried in a 60°C vacuum oven for 24 h, ground through a .40-mm screen, allowed to air-equilibrate, and stored until further analysis.
Determining Extent of Bacterial Dissociation.
Removal of P A B from SWRDS was determined directly by epifluorescence microscopy, using a modification of Bitton et al. (1983) , and indirectly by measuring DAPA. For epifluorescence microscopy, five .5-g subsamples of extracted digesta residue from each treatment, including the control digesta, were diluted 1:200 with .05 M sodium citrate buffer (pH 4.0). A .4-pm polycarbonate black membrane filter (Nucleopore Corp., Cambridge, MA) membrane was placed on the microanalysis holder and the funnel was clamped to the support. One microliter of .05 M sodium citrate buffer (pH 4.0) was pipetted into the funnel, 10 pL of diluted sample was added, and the funnel was swirled to evenly coat the membrane. Fluid was removed by vacuum filtration and the vacuum was removed when the filter appeared dry. The DNA and RNA of cells were stained by exposure for 3 min to 2.0 mL of .1 M acriflavine solution. Vacuum filtration was used to dry the membrane. The membrane was then placed on a slide containing immersion oil (type A) and a coverslip was added. The bacterial cells in 10 random fields for each filter were counted using an Olympus BH2 RFL epifluorescent microscope (Olympus, Tokyo, Japan) with a 490-nm excitation filter and a 515-nm barrier filter. Aggregates were observed occasionally; these were counted as one cell because the brightness of the stain made it difficult to distinguish cell boundaries. The percentage of PAB removed from digesta solids was calculated as [l -(number of cells in 10 random fields of treatment digestahumber of cells in 10 random fields of control digesta)] x 100.
Control and treatment digesta residues were analyzed in duplicate for DAPA by ion exchange chromatography using a Beckman 118L amino acid analyzer (Beckman Instruments, Fullerton, CA). Figure 1 . Procedures used to detach and isolate particle-associated mixed ruminal bacteria from washed digesta solids (Exp. 1).
Samples weighing 20 to 25 mg were hydrolyzed with 1 mL of 6 N HC1 (previously purged for 5 min with Nz before sealing with a teflon-coated silicone septum). Sealed tubes were heated for 24 h in a convection oven at llO"C, vacuum-dried, resuspended in 1 mL of .2 N sodium citrate buffer (pH 2.21, and then filtered through a .45-pm pore size filter (Gelman, Ann Arbor, MI); 100 pL of resuspended hydrolysate was injected into the analyzer. The percentage of PAJ3 removed from digesta solids was calculated as [l -(DAPA in treatment digesta/DAPA in control digesta)] x 100. This equation was based on the assumptions that concentrations of DAPA in bacterial DM were the same for all PAB, that DAPA associated with protozoa was of bacterial origin, and that the integrity of cells was not affected by treatments.
Statistical Analysis. The GLM procedures of SAS (1985) were used to analyze the data. Significant difference ( P < .05) was determined using the WALLER means option, which is based on the WallerDuncan k-ratio test following a significant F-test. There were three replicates of treatments for DAPA and five replicates of treatments for epifluorescence microscopy.
Experiment 2
This experiment was conducted 1) to confirm some of the more noteworthy observations of Exp. 1, 2 ) to determine whether removal of PAB from SWRDS could be increased over that observed for the most effective treatments with other chemical methods, and 3 ) to compare removal values for PAB and PAP by using the same detachment techniques. The experiment consisted of five treatments using low-pH saline containing Tween 80 as the base solution to which other components were added.
Experimental Design ana' Sampling. Two liters of WRC was collected from one ruminally cannulated Holstein cow as described previously. The cow was in early lactation and fed a diet of (DM basis) 25% corn silage, 12% grass-legume silage, and 63% concentrate (primary ingredients were corn meal, wheat middlings, soybean meal, and distillers dried grains with solubles). Collected WRC were squeezed through one layer of 59-pm Dacron mesh. The resulting digesta solids were combined with five times their volume of 37°C saline, mixed gently, and resqueezed through one layer of 59-pm Dacron mesh. A 1,200-g sample of SWRDS was divided into six 200-g portions; one Figure 2 . Procedures used to detach particle-associated mixed ruminal microorganisms from washed digesta solids (Exp. 2). portion was kept as an untreated control and the other five were subjected to different treatments. The experiment was replicated five times.
Dissociation of Microorganisms. The treatments for microbial dissociation are shown in Figure 2 and were 1) placement of SWRDS in 600 mL of 4"C, pH 2.0 saline containing .l% Tween 80, chilling for 24 h, and homogenization for 15 s (same as treatment 5, Exp. 1); 2 ) as for 1, then shaken with a mixture of 30 small and 15 large glass marbles in a 500-mL polypropylene bottle for 1 h at 108 oscillations/min in a 4°C water bath, and homogenized for 15 s; 3 ) as for 1 except 1.0% methanol was included in the treatment solution (same as Treatment 6, Exp. 1); 4) as for 3 except 1.0% tertiary butanol was included in the treatment solution; and 5 ) placement of SWRDS in 600 mL of 37°C . l % methylcellulose solution and shaken (108 oscillations/min) for 10 min in a 37°C water bath and resqueezed; the process was repeated three times and then the resulting solids were processed as for 3. The pH of treatment solutions was decreased to 2.0 as in Exp. 1. Shaking with marbles (Treatment 2 ) and inclusion of 1.0% methanol in the treatment solution (Treatment 3 ) were evaluated again because each seemed to increase bacterial removal in Exp. 1. Tertiary butanol was included in a treatment solution (Treatment 4 ) because of its detergent-like properties ( P . J. Van Soest, Cornel1 Univ., Ithaca, N Y , personal communication). Incubation of SWRDS in methylcellulose (Treatment 5 ) before the use of other chemical and physical methods was evaluated because it was shown to increase removal of bacteria from cellulose powder (Minato and Suto, 1981; Kudo et al., 1987) . Following treatment, digesta solids were processed as in Exp. 1, except that one layer of 59-pm Dacron mesh replaced the eight layers of cheesecloth.
Determining Extent of Microbial Dissociation.
Removal of PAB, PAP, and PAB plus PAP from SWRDS was determined for each treatment by using epifluorescence microscopy. Digesta solids for epifluorescence microscopy were stained and examined as in Exp. 1 except that the straining time was increased to 4 min. In this experiment, aggregates of bacteria were observed in only 6 of the 1,250 fields. Because the aggregates were smaller than in Exp. 1 and because cell boundaries were distinguishable, an attempt was made to count the cells. Single spherical bodies associated with digesta were observed in three fields. These were assumed to be fungal spores because their fluorescence was distinctly different from that of bacteria. Removal of each population (PAB, PAP, and PAB plus PAP) from digesta solids was calculated as described for PAB in Exp. 1. Removal of total particle-associated cells (PAB plus PAP) was calculated by adding the counts obtained for bacteria with the counts obtained for protozoa. Protozoa accounted for only 1 to 2% of total detached microbes. Purines were assayed by using the procedure of Zinn and Owens (1986) as modified by Ushida et al. (1985) . Sample weights of .10 t o .15 g of dried, ground digesta were weighed into screw-cap culture tubes for digestion. Hydrolysates were aspirated through glass fiber filters (G8, Fisher Scientific, Springfield, N J ) . Samples were read at 260 and 280 nm by using a Bausch and Lomb Spectronic 1001 split-beam spectrophotometer (Rochester, NY ). The percentage of PAM removed from digesta solids was calculated as [l -(purines in treatment digestdpurines in control digesta)] x 100.
Statistical Analysis. Statistical analysis was performed as described for Exp. 1.
Results
Experiment 1
The treatments differed in their efficacy for removing bacteria from digesta solids (Table 1) . Removals measured using epifluorescence microscopy varied between 48 and 70%. Treatment 6 resulted in the greatest removal of PAB ( 70% 1, whereas Treatments 1, 2,4, and 5 were similar and less effective (removals of 48 to 54%). Treatment 3 was of intermediate efficiency in removal of PAB (58%). These results suggest that use of 1.0% methanol in the treatment solution aided in the removal of bacteria from ruminal digesta, with a possible benefit derived from shaking with marbles.
Removal of DAPA from digesta solids yielded estimates of bacterial removal similar to those obtained by direct counting, except for a higher removal by Treatment 5 (Table 1) . Treatments 5 and 6 were equally effective and superior to the other treatments (63 and 66% of the DAPA removed, respectively), suggesting that both low pH and methanol enhanced removal of bacteria.
We conclude that inclusion of 1.0% methanol in the treatment solution aided in the removal of PAB. There was no appreciable benefit of shakmg the suspension with marbles (Treatment 3 ) or the use of low pH (Treatment 5 ) . Shaking with marbles increased removal from 48 (Treatment 1 ) t o 58% (Treatment 3 1 based on direct cell counts and from 47 (Treatment 1 ) to 50% (Treatment 3 ) based on DAPA concentrations. Effects of pH were not determined directly. Treatment 5 resulted in DAPA removals of 63%, compared t o those of 47% for Treatment 1. The pH of the treatment solution for Treatment 5 was 2.0, compared to 7.0 for Treatment 1. However, it should be noted that in addition to differences in pH Treatments 1 and 5 differed in sequence of homogenization and storage of the suspended digesta solids, as well as in the length of storage (Figure 1) .
Experiment 2
The chilling of SWRDS for 24 h in a pH 2.0 saline solution containing .l% Tween 80, followed by homogenization for 15 s, was common to all treatments. As expected from Exp. 1, all treatments resulted in considerable removal of microorganisms from digesta solids ( Table 2 ). Based on direct counting, removal varied from 60 to 82% for PAB, 52 to 98% for PAP, and 60 to 83% for PAB plus PAP.
The results of Treatment 2 support the observation in Exp. 1; shaking the suspension with marbles after chilling for 24 h increased the removal of microorganisms ( Table 2 ). Removal of PAB was increased from 60 t o 65% but, as in Exp. 1, the increase was not significant. Shaking with marbles increased the removal of PAP from 52 to 98%. Treatments 3 through 5 all resulted in similarly high removals of protozoa.
Treatment 3 supports the conclusion from Exp. 1 that the addition of 1.0% methanol to the extraction solution aided in microbial removal (Table 2) . Based on direct counting, removals were increased from 60 to 72% for PAB, 52 t o 89% for PAP, and 60 to 72% for PAB plus PAP. The addition of 1.0% tertiary butanol to the extraction solution (Treatment 4 ) or the use of an initial incubation in .l% methylcellulose (Treatment 5 ) resulted in increased removal of PAP compared with that observed with Treatment 3; the effect of each was additive to the effect of 1.0% methanol. Treatments 4 and 5 were equally effective and superior to other treatments for detaching PAB (82 and 79%), PAP (85 and 98%), and PAB plus PAP (83 and 80%). Assay of purine content of SWRDS was less sensitive than was epifluorescence microscopy for estimating microbial removal ( Table 2 ). The SE of treatment means for direct counting of PAB plus PAP (2.4 ) was lower than that for removals of PAM based on purine content ( 5.5 1.
The type of microorganisms associated with digesta before and after treatment is shown in Table 3 . Because only small protozoa were observed, it is assumed that the saline wash removed larger protozoa. All observed protozoa had small coccal bacteria associated with them, and although the bacteria were counted, there was no attempt to determine effect of treatment on the number of bacteria associated with single protozoa cells. The inclusion of 1.0% methanol in the treatment solution was needed for the complete dissociation of large coccal chains and spirochetes from digesta. Spirochetes are motile bacteria; immobilization or a reduction in their motility may enhance their removal from digesta. The inclusion of 1.0% tertiary butanol in the treatment solution or an initial incubation period in .l%' methylcellulose before subjecting digesta solids to further treatment was necessary for the complete removal of tetrads and large cocci. Small cocci were removed completely with the methylcellulose treatment (Treatment 5 ) . None of the treatments resulted in complete removal of diplococci and small coccal chains.
Discussion
Adherence of microorganisms to particulate material is the first step in substrate degradation in the rumen. Mechanisms of adherence include specific binding and nonspecific interactions. Specific binding involving bacteria include cell surface-associated enzymes (e.g., cellulase), capsules or external fibrous material, and adhesins (Chesson and Forsberg, 1988) . Methods of binding for protozoa include the use of a longitudinal cytoplasmic ridge (Orpin and Hall, 1983) or by means of a "pseudopod" (Williams and Coleman, 1988) . Nonspecific interactions of microorganisms and substrate include physicochemical forces (e.g., Vander Waals, hydrophobic, electrostatic, and ionic interactions), conformation to substrate shape (Czerkowski and Cheng, 19881, wedging into cavities of feed (Latham, 1980) , or by the consortia formed from cellulolytic fermentation (Costerton et al., 1985) . These interactions allow the microorganisms to have a variety of associations with particulate matter. An ideal protocol for dissociating ruminal microbes from particulate matter undoubtedly requires a combination of physical and chemical methods to disrupt the variety of adherence mechanisms used by microorganisms.
The following factors were studied for their effect on dissociation of ruminal microorganisms from ruminal digesta solids: low pH, vigorous agitation, inclusion of formaldehyde, methanol, or tertiary butanol in the treatment solution, and incubation with methylcellulose. Two combinations of factors were found to be equivalent for maximum removal of PAl3 and PAM. One consisted of chilling SWRDS for 24 h in a treatment solution of pH 2 saline, .l% Tween 80, 1.0% methanol, and 1.0% tertiary butanol, followed by homogenization and multiple extraction (Treatment 4, Exp. 2). The other consisted of a 30-min incubation in .l% methylcellulose followed by chilling for 24 h in a treatment solution of pH 2 saline, .l% Tween 80, and 1.0% methanol, followed by homogenization and multiple extraction (Treatment 5, Exp. 2). Based on direct counting, these two methods resulted in removals of PAB of 82 and 79%; corresponding values for PAB plus PAP were 83 and 80%. The following discussion on evaluation of methods for dissociating microorganisms from ruminal digesta solids is based on direct counting, which we believe to be the preferred method.
Our collective results and those of others suggest that most, if not all, of the individual chemical and physical factors we used were additive in their effects. Methanol was evaluated as a component of treatment solutions because of its reported ability to remove the polysaccharide capsule produced by bacteria (Barr et al., 1975) . The addition of 1.0% methanol increased removal of PAB from 50 t o 70% in Exp. 1 (Treatment 5 vs Treatment 6, Table 1 ) and from 60 to 72% in Exp. 2 (Treatment 1 vs Treatment 3, Table 2 ). Fletcher (1983) examined the effect of different alcohols on attachment of a marine Pseudomonas sp. to polystyrene and tissue culture dishes. In that study, attachment decreased progressively with increasing methanol concentrations over the range .2 to 2.0% (vol/vol) in culture media.
Tertiary butanol was suggested as a replacement for methanol because it is less toxic to cells and because of its detergent-like properties (P. J. Van Soest, personal communication). However, toxicity or viability of removed cells was not a concern in our study. The addition of 1.0% tertiary butanol to a treatment solution of pH 2 saline containing .l% Tween 80 and 1.0% methanol increased the removal of PAl3 from 72 to 82% (Treatment 3 vs Treatment 4, Table 2 ). Fletcher (1983) reported decreases in attachment of a marine Pseudomonas sp. as concentration of butanol was increased from .2 to 2.0%. A concern about the use of alcohols is that they may disorganize the lipid structure of the membrane by penetrating the hydrocarbon region and acting on the non-covalent bonds between the hydrophobic regions of lipids (Harold, 1970) . This could cause leakage or lysis of both detached and attached cells, resulting in loss of cell contents. If loss of cell contents is significant, then the chemical composition of microbial isolates may be altered because of a disproportionally high content of cell walls. This in turn would be expected to influence estimates of flow of microbial N t o the duodenum. Research is needed to determine whether the use of small amounts of methanol and tertiary butanol in methods of microbial dissociation causes leakage or cell lysis, and, if so, to what extent.
The potential additive effect of an initial incubation period of SWRDS with . l % methycellulose before use of pH 2.0 saline with Tween 80 and methanol was evaluated in Exp. 2 (Treatment 5 vs Treatment 3, Table 2 1. Incubation with methylcellulose increased the removal of PAl3 from 72 to 79% and of PAE! plus PAP from 72 to 80%. Others Suto, 1978, 1981; Kudo et al., 1987) have reported increased or complete removal of cellulolytic bacteria from cellulose powder by incubating in clarified rumen liquid or liquid media of Scott and Dehority's (Kudo et al., 1987) to which .l% methylcellulose was added. Gramnegative rods are the most dominant group of bacteria that are removed using this method (Minato and Suto, 1981) . In one study, removals of selected bacteria were as follows: Rurninococcus flavefaciens, 87%; R. albus, 100%; Eubacterium cellulosolvens, 0%; Megasphaera elsdenii, 67%; Veillonella alcalescens, 92%; and V. parvula, 71% (Minato and Suto, 1978) . Eubacterium cellulosolvens are the only rod-shaped bacteria in the group; the others are coccal-shaped and occur as single organisms or chains. These results may explain why none of our treatments was effective for complete removal of rods and why some treatments resulted in complete removal of some cocci populations (Table 3) .
Homogenization and multiple extraction was included in all treatments of Exp. 1 and 2; in Exp. 2 all treatments included . l % Tween 80, lowering the pH of the solution to 2.0, and chilling for 24 h. Homogenization (Merry and McAllan, 1983) and multiple extraction (Senshu et al., 1980) both have been shown to increase removal of PAB from ruminal digesta.
Homogenization probably increases removal by disrupting attachments or by breaking apart particles and releasing trapped microorganisms. Shaking the suspension with marbles after the suspension was exposed to chilling and Tween 80 seemed to increase cell removal; the greatest effect was on protozoa (Treatment 1 vs Treatment 2, Table 1; Treatment 1 vs  Treatment 2, Table 2 ). Morris (1988) found that decreasing the pH of incubation solution from 8.0 to 5.5 increased the amount of R. albus adhering to cellulose and that further lowering from 5.5 to 4.5 decreased adherence to cellulose. Lowering the pH should decrease removal by reducing ionization and thereby decreasing repulsion between cells and substrate arising from negatively charged boundary layers. Further lowering might act to restore repulsion because the ratio of negative t o positive surface charges declines with further protonation of negatively ionized groups and therefore increases repulsion. Tween 80 has been shown to be beneficial, presumably because of its wetting properties (Dehority and Grubb, 1980; Merry and McAllan, 1983) . Dehority and Grubb (1980) found that colony counts were increased as ruminal contents were chilled from 0 to 8 h. It was concluded that chilling may alter or break down the material responsible for cell-to-cell and cell-to-particulate matter attachment (Dehority and Grubb, 1980) . Inclusion of .5% (wt/vol) formaldehyde in a treatment solution of saline and Tween 80 was of little or no benefit (Table 1) . Moreover, use of formaldehyde should be discouraged because of its potential effect on the AA composition of isolated cells. Stern et al. (1983) found that storing WRC in the presence of 7.4% (wt/vol) formaldehyde resulted in lower than expected concentrations of lysine and tyrosine in subsequently isolated bacteria. Gruber and Mellon (1968) reported that the addition of formaldehyde under hydrolysis conditions resulted in 100% loss of tyrosine as determined with ninhydrin. They also reported that one-third of the cystine and histidine and smaller amounts of glutamic acid and lysine were not detected. Barry (1976) suggested that the phenol group of tyrosine and the epsilon group of lysine may react with formaldehyde, forming cross-links in proteins and rendering these AA or proteins resistant to standard acid hydrolysis. In Exp. 1 of our study, we observed 8.9% less lysine and 19.8% less tyrosine in PAB removed by Treatment 4 as compared to Treatment 1 (data not shown). Therefore, the use of formaldehyde, even at levels as low as 5% (wt/vol), seemed to affect the AA composition of isolated microbial cells.
In summary, synthesis of microbial protein in the rumen and passage of microbial N to the duodenum are typically estimated using the chemical composition of fluid-associated bacteria. Particulate-associated microorganisms constitute a majority of the ruminal microbial population and may differ in nutrient composition from fluid-associated bacteria. Simultaneous isolation of representative samples of the fluidand particle-associated populations is required, along with estimates of the contribution that each makes to total duodenal N flow, to determine the separate contribution that each category of microorganisms makes to nutrient passage. We have presented two procedures that employ a combination of physical and chemical methods that, based on direct counting, removed 80% of particle-associated bacteria and 90% or more of particle-associated protozoa from washed ruminal digesta solids. These removal efficiencies are considerably higher than those reported previously.
Implications
Obtaining representative samples of particle-associated microorganisms for chemical analysis is requisite to nutrient passage or Dacron bag studies when the contributions of these microorganisms for N or amino acids must be quantified. These microorganisms likely constitute a large proportion of total N flow at the duodenum and, for most diets, their composition is different from that of fluid-associated microorganisms. Results suggest that a combination of chemical and physical treatments are needed to maximize removal of particle-associated microorganisms from ruminal digesta solids. However, further research is needed t o determine whether high removal efficiencies improve the representativeness of cells removed from ruminal digesta.
